1. Introduction {#sec0005}
===============

Severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) is a novel coronavirus responsible for cluster of atypical pneumonia outbreak in Wuhan, China in December of 2019. With its spread globally, World health Organization (WHO) declared pandemic of Coronavirus disease 2019 (COVID-19) in March 2020. It is crucial to confine the spread of COVID-19 in densely populated cities like Hong Kong as outbreak will potentially overwhelm the healthcare system. Provision of diagnostic test for rapid detection of SARS-CoV-2 is the mainstay for early diagnosis, prompt implementation of infection control measures and epidemiological tracking in both hospital setting and community. Nasopharyngeal specimens are recommended by WHO for detection of SARS‐CoV‐2. Collection of nasopharyngeal samples require trained personnel wearing full personal protective equipment and conduct in airborne isolation facility to minimize the risk of disease transmission. Previous studies have shown that deep throat saliva (DTS) can be considered as an alternative specimen for detection of SARS-CoV-2 \[[@bib0005], [@bib0010], [@bib0015], [@bib0020], [@bib0025]\]. Lower-Respiratory-Tract (LRT) specimens including sputum, tracheal aspirate and bronchoalveolar lavage are considered better than upper respiratory tract specimens for detection of SARS-CoV-2 in patients with lower respiratory symptoms \[[@bib0030]\]. However, most commercial assays including Cepheid Xpert Xpress SARS-CoV-2 assay (Cepheid, Sunnyale, CA, USA) have not been validated for sample types other than nasopharyngeal specimens. Mucus and high viscosity of DTS and LRT specimens render them difficult to be processed by automated sample-to-answer platform.

Cepheid Xpert Xpress SARS-CoV-2 assay is a fully automated *in vitro* diagnostic test performed on GeneXpert platform (Cepheid, Sunnyale, CA, USA). Two targets are included: envelope gene (E gene) and nucleocapsid gene (N2 gene). Results will be interpreted as positive if both targets or N2 gene alone are detected while if E gene alone was detected, result will be interpreted as presumptive positive. Recently, approval for Emergency Use Authorization (EUA) has been granted by Food and Drug Administration (FDA). Previous studies shown that it has satisfactory performance in detection of SARS-CoV-2 \[[@bib0030], [@bib0035], [@bib0040], [@bib0045]\]. In this study, we aimed to evaluate the performance of Xpert Xpress SARS-CoV-2 assay for detection of SARS-CoV-2 from DTS and LRT specimens with sample pre-treatment before testing.

2. Methods {#sec0010}
==========

2.1. Study design {#sec0015}
-----------------

A total of 162 samples (119 positive and 43 negative specimens) collected from 158 patients with suspected COVID-19 were tested. These included 120 DTS and 42 LRT i.e. 35 sputum, 6 tracheal aspirate and one bronchoalveolar lavage. The median age of patients was 46 (Interquartile Range (IQR) of 35 (28--63)) with 56.3 % (89/158) was female. Among them, 58.9 % (93/158) were from Accident & Emergency Department (AED), 29.7 % (47/158) were in-patients and 11.4 % (18/158) were out-patients. Out of the 162 samples, 74 of them were archived samples kept frozen at -70℃ and the remaining samples (n = 88) were prospective samples. Upon receipt, all samples were screened with our standard-of-care (SOC) nucleic acid amplification test (NAAT) which is the TIB-Molbiol LightMix® SarbecoV E-gene assay (formerly named as Modular SARS and Wuhan CoV E-gene, Berlin, Germany) as published previously \[[@bib0010]\]. All positive cases were confirmed by the reference laboratory of Hong Kong (Public Health Laboratory Service Branch, PHLSB).

2.2. Sample collection and selection {#sec0020}
------------------------------------

Both DTS and LRT specimens were collected in plain sterile container, transported to laboratory on the same day and tested promptly. The 119 samples tested positive by the SOC NAAT span the entire range of cycle threshold (Ct) scores with Ct value ranged from 11 to 38 (in which 26 % with Ct \<20, 50 % with Ct 20--30 and 24 % with Ct \>30).

2.3. Sample preparation and test procedures {#sec0025}
-------------------------------------------

### 2.3.1. DTS specimens {#sec0030}

Sterile Phosphate-Buffered Saline (PBS) (pH 7.2--7.4) was added into neat saliva specimens in the ratio of 1:1. Sample was then vortexed for homogenization and allowed to settle for 5−10 min. Two mL of the homogenized sample was transferred to another vial for centrifugation at 2000 *g* for 5 min.

### 2.3.2. LRT specimens {#sec0035}

One mL of the specimen was added to 3 mL of in-house prepared Maintenance Medium (MM) (10X Minimum Essential Medium (MEM), 200 mM glutamine, 1 M HEPES, 7.5 % NaHCO3, 12 mg gentamicin, 0.5 mg amphotericin B, 10,000 units penicillin, 10 mg streptomycin, pH 7.1--7.4) and the mixture was emulsified by pipetting up and down, followed by centrifugation at 2000 *g* for 5 min.

For each sample, supernatant was used for testing with both the SOC NAAT and Xpert Xpress SARS-CoV-2 assay according to manufacturer's instruction. Samples were loaded on GeneXpert Dx system with running time around 45 min.

2.4. Statistical analysis {#sec0040}
-------------------------

Agreement statistics in comparison with SOC NAAT was applied. PPA, NPA and Weighted Kappa were determined by Inter-rater agreement and diagnostic test (2 × 2 table) by using MedCalc 19.4.1 (Ostend, Belgium). Values for Cohen\'s Kappa coefficient (κ) of \<0.20, 0.21--0.40, 0.41--0.60, 0.61--0.80 and 0.81--1.00 were characterized as poor, fair, moderate, good and very good agreement respectively.

3. Results {#sec0045}
==========

Xpert Xpress SARS-CoV-2 assay has very good agreement with SOC NAAT. The weighted Kappa values were 0.98 and 1.00 for DTS and LRT specimens. The overall performance on both non-validated specimen types has weighted Kappa value 0.98, PPA of 99.16 % and NPA of 100 % ([Table 1](#tbl0005){ref-type="table"} ). Discrepancy was only observed in one archived DTS specimen ([Table 1](#tbl0005){ref-type="table"}).Table 1Overall agreements between Xpert Xpress SARS-CoV-2 assay and reference method among 162 deep throat saliva and lower--respiratory-tract specimens for detection of SARS-CoV-2.Table 1Sample\
type　Reference method(95 % CI)SOC NAATXpert XpressDetectedNot detectedKappa (κ)PPANPADTSDetected8700.9898.86 %100 %Not detected132(0.94−1.00)(93.83−99.97%)(89.11−100%)LRTDetected3101.00100 %100 %Not detected011(1.00−1.00)(88.78−100%)(71.51−100%)OverallDetected11800.9899.16 %100 %Not detected143(0.95−1.00)(95.41−99.98%)(91.78−100%)

4. Discussion {#sec0050}
=============

The SOC NAAT only allows batch testing. With the use of Xpert Xpress SARS-CoV-2 assay as a complementary test, it will allow rapid testing of ad-hoc samples received from AED & intensive care unit and provide round-the-clock service for samples received after batch testing cut-time. Similar testing algorithm has been adopted in our laboratory for testing of influenza \[[@bib0050]\].

The overall performance of Xpert Xpress SARS-CoV-2 assay was satisfactory when tested with DTS and LRT specimens. Review of the sample with discrepancy showed that it was sent from a known positive COVID-19 patient for disease monitoring. Such discrepancy might be attributed to the low viral load in this sample (Ct = 34.47) as well as potential RNA degradation due to repeated freeze and thaw.

With the use of Exact Diagnostics SARS-CoV-2 reference standard (BioRad, USA), the analytical 95 % lower limit of detection of Xpert Xpress SARS-CoV-2 assay and TIB-Molbiol LightMix® SarbecoV E-gene assay was determined as 50 and 100 copies/mL respectively.

To our knowledge, this is the first report to evaluate the use of PBS for sample homogenization of DTS prior to testing with Xpert Xpress SARS-CoV-2 assay. Previous study used viral transport medium (VTM) for sample homogenization \[[@bib0005]\]. One study recommended direct transfer of the liquid, non-viscous part of neat sample into the cartridge without pre-treatment \[[@bib0015]\]. Our previous experience with Xpert Xpress Flu/RSV assay showed that direct transfer of LRT samples, in particular sputum, into the cartridge resulted in a high error frequency. This study was the first to evaluate the testing of LRT specimens (mainly sputum) with pre-treatment to minimize potential invalid results or instrument error. These procedures can minimize the mucus and viscous substances among non-validated specimen types and broaden the testing scope of Xpert Xpress SARS-CoV-2 assay.

With spiked samples, Rodino et al. demonstrated that saline, PBS or MEM can be used as alternative for VTM in SARS-CoV-2 testing \[[@bib0055]\]. Another study by Williams et al. showed that liquid Amies medium can be used for homogenization of saliva samples \[[@bib0020]\]. In this study, we demonstrated that both PBS and MM can be used for sample homogenization. LRT samples were suspended with MM for virus isolation in our routine practice, however, this service was obsoleted in February 2020. As in-house preparation for MM is labour intensive, by using PBS to replace MM for sample homogenization will be an effective way to save time and reduce manpower. Future study on usage of PBS for homogenization of LRT specimens will be conducted.

In conclusion, with appropriate sample pre-treatment before testing, both DTS & LRT specimens can be tested with the Xpert Xpress SARS-CoV-2 assay with results comparable to the SOC NAAT.
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